DAS and T-2 toxin) was observed in the liquid nutritive medium. According to previously performed experiments it was proved that the selected isolate, originating from sunflower meal, had the ability to degrade these fusariotoxins when growing on the modified Vogel's agar supplemented with crude extracts of DAS and T-2 toxin. In order to determine biodegradation of fusariotoxins, the liquid nutritive medium -SPY (5% sucrose + 0.1% peptone + 0.1% yeast extract, pH 6.2) was simultaneously inoculated with the isolate M. racemosus f. racemosus 1215/09 and: a) Fusarium semitectum SL-B (DAS producer) or b) F. sporotrichioides R-2301 (T-2 toxin producer). The SPY media, inoculated with single fungal isolates, were used as a control of toxin biosynthesis. The cultures were incubated at room temperature (21)(22)(23)(24)(25)(26) o C) on the rotary shaker (175 rpm). After the 3-5-day incubation, the filtration of liquid cultures and the extraction of fusariotoxins from filtrates with ethyl-acetate were performed. Determinations of DAS and T-2 toxin were done by thin layer chromatography using silica gel G.
INTRODUCTION
Trichothecenes are a group of toxic secondary metabolites produced by several genera of Fungi imperfecti out of which the genus Fusarium is the most important. Some of trichothecenes are natural contaminants of cereal crops during their growth in fields or during grain storage under high environmental moisture. Since these compounds are toxic to both, humans and animals, it is of great interest for food and feed industry to prevent the introduction of fusariotoxins into the nutrition chain (S h i m a et al., 1997) .
Despite of the application of different preventive measures that avoid the occurrence of Fusarium spp. and their toxins (crop rotation, ploughing, weed and insect control, appropriate sowing and harvest time, etc.), the obtained results are usually limited and unsatisfactory, hence it was necessary to develop procedures of detoxication. It is considered that biodegradation or biotransformation is the only efficient method of detoxication of mycotoxins that can only be poorly bound by various adsorbents (R o d r i g e s and B i n d e r , 2008). This group of mycotoxins also includes type A trichothecenes (diacetoxyscirpenol -DAS and T-2 toxin) in which the 12,13-epoxy ring is responsible for their toxicity.
Studies carried out by U e n o et al. (1983) and B e e t o n and B u l l (1989) point out to a possible role of soil bacteria in the transformation of T-2 toxins. Moreover, B e e t o n and B u l l (1989) reported that certain natural bacterial communities or monocultures originating from soil and freshwater represented agents that could detoxify T-2 toxin and related trichothecenes. Swanson et al. (1988) determined that intestinal bacterial biota originating from rats completely biotransformed T-2 toxin to its de-epoxy products (de-epoxy HT-2 and de-epoxy T-2 triol). The absence of complete de-epoxidation was recorded in experiments with chicken intestinal bacteria that degraded T-2 toxin and DAS exclusively by the process of deacetylation (Yo u n g et al., 2007) . In contrast to this, intestinal and fecal microorganisms of rats, cattle and pigs completely biotransformed DAS to de-epoxy monoacetoxyscirpenol. B i n d e r et al. (2000) isolated a new bacterial strain of the genus Eubacterium (strain BBSH 797) from a bovine rumen that had a potential to biodegrade epoxy group of trichothecenes to diene (S c a t z m a y r et al., 2006) .
Beside bacteria there are other types of microorganisms that are capable of T-2 toxin biotransformation: protozoa (K i e s s l i n g et al., 1984) , yeasts (R o d r i g e s and B i n d e r , 2008), and mycobiota (J e s e n s k a and S a j b id o r o v a , 1991). J e s e n s k a and S a j b i d o r o v a (1991) identified Alternaria sp., Ulocladium sp., Aspergillus candidus Link, A. flavus Link, Cladosporium cladosporioide (Fr.) G. A. de Vries and C. macrocarpum Preuss in the group of moulds that very rapidly degraded T-2 toxin (for 48 h).
Considering the natural presence of T-2 toxin worldwide in toxicologically relevant concentrations, as well as, its powerful toxicity, the aim of the present study was to investigate the capacity of biodegradation of T-2 toxin and related metabolite DAS under laboratory conditions in the liquid medium by use of the fungal isolate Mucor racemosus f. racemosus 1215/09. Incubation conditions. A total of 100 ml of the semi-synthetic medium SPY placed in Erlenmeyer flasks (500 ml) were inoculated and incubated on a rotary shaker (175 rpm) at room temperature (21) (22) (23) (24) (25) (26) o C) during five and/or three days. All tests were performed in three replicates.
MATERIAL AND METHODS

Microorganisms. The fungal isolate
Sample preparation for the analysis of fusariotoxins. Liquid fungal mixed cultures, as well as monocultures, were filtered after incubation on the rotary shaker. Crude extracts of type A trichothecenes were obtained by use of ethyl-acetate. Further purification of DAS and T-2 toxin was carried out applying the procedure of R o m e r et al. (1978) , while thin layer chromatography was performed after P e p e l j n j a k and B a b i ć (1991).
RESULTS AND DISCUSSION
The isolate M. racemosus f. racemosus 1215/09 was selected for the experiments of biodegradation of type A trichothecenes not only because of literature data showing that various species of the genus Mucor could biotransform these fusriotoxins (E l -S h a r k a w y and A b b a s , 1991) but primarily due to such capacity of the selected isolate was confirmed by our previous experiments (B o č a r o v -S t a n č i ć et al., 2010) . During the growth of M. racemosus f. racemosus 1215/09 on the modified Vogel's agar (V o g e l , 1956) to which crude extracts of DAS and T-2 toxins were added (300 µg/Petri dish) it completely biotransformed the stated fusariotoxins seven days after incubation at 27±1 o C. Significant differences in characteristics of the growth of fungal monocultures and mixed cultures were observed during their incubation in the liquid medium SPY (Table 1) . pH value. In case of single culture of M. racemosus f. racemosus 1215/09, the increase in pH in the SPY medium ranged from the initial value of 6.20 to the value of 7.90 and higher, while in case of single cultures of F. semitectum SL-B and F. sporotrichioides R-2301, as well as, mixed cultures of M. race-mosus f. racemosus 1215/09 and these producers of fusariotoxins, pH values were reduced to 5.00 and below 5.00 during incubation in the liquid medium.
Somewhat higher pH values were observed in all combinations (monoand mixed cultures) during prolonged incubation from 3 to 5 days.
Biosynthesis of type A trichothecenes. The isolate M. racemosus f. racemosus 1215/09 did not biosynthesised DAS and T-2 toxin under laboratory test conditions (Table 1) .
The DAS yield in the F. semitectum SL-B monoculture was higher after 3-day (120,000 µg l -1 ) than after 5-day incubation (40,000 µg l -1 ) in the liquid semi-synthetic medium SPY on the rotary shaker.
On the other hand, the incubation duration under the same laboratory conditions (SPY, 175 rpm, 25-26 о C), did not affect the amount of the produced T-2 toxin by use of single F. sporotrichioides R-2301 culture. The yield of the T-2 toxin was equal (240,000 µg l -1 ) in both cases (after three and five days of incubation).
Biotransformation of type A trichothecenes. Biodegradation of DAS and T-2 toxin in the liquid medium by M. racemosus f. racemosus 1215/09 was tested by mixed cultures of this fungal isolate with Fusarium species that were producers of the same trichothecenes (Table 1) .
In case of a mixed cultures of F. semitectum SL-B with M. racemosus f. racemosus 1215/09, the DAS yield was significantly lower after the 3-day inoculation (40 µg l -1 ) than after 5-day incubation under the same in vitro conditions (Table 1) . If these results are compared with the DAS yield in the single F. semitectum SL-B culture it is observable that M. racemosus f. racemosus 1215/09 biotransformed 90.0% of DAS present in the liquid medium after 5 days of incubation. The reduction of the yield of this type A trichothecenes was higher after 3-day incubation and amounted to 99. 97% .
Similar results were also gained in case of mixed culture of F. sporotrichioides R-2301 with M. racemosus f. racemosus 1215/09 (Table 1) . Although recorded differences in T-2 toxin yields after 3-(12,000 µg l -1 ) and 5-day inoculation (8,000 µg l -1 ) were not great, M. racemosus f. racemosus 1215/09 biodegraded over 90.0% of other type A trichothecene present in the liquid medium. The yield reduction of T-2 toxin in this mixed culture amounted to 95.0, i.e. 96 .6% after 3-, i.e. 5-day incubation, respectively.
According to E l -S h a r k a w y and A b b a s (1991) biotransformation of T-2 toxin by use of species Aspergillus niger van Tieg. and Mucor mucedo Fresen. was done by acetylation and deacetylation of this fusariotoxin, without degradation of the trichothecene skeleton, hence it is assumed that it also happened in experiments performed with our fungal isolate M. racemosus f. racemosus 1215/09.
A great capacity of the isolate M. racemosus f. racemosus 1215/09 to biodegrade DAS and T-2 toxin is the best observable if our results are compared with results gained by other authors. In the in vitro experiment of biotransformation of certain A-and B-trichothecenes with probiotic microorganisms (genera Bacillus, Lactobacillus, and Saccharomyces) B ö h m et al. (2000) applied significantly lower concentrations of fusariotoxins. Those were con-centrations that could be found under natural conditions and they amounted to 500 µg kg -1 for both, DAS and T-2 toxin. However, the reduction in concentrations of tested trichothecenes was not recorded, and T-2 and DAS slowed down the growth of some strains of probiotic microorganisms. Tab . 2 -Effects of filter sterilized liquid mono-and mixed culture Mucor racemosus f. racemosus on biosynthesis of DAS and T-2 toxin in the liquid medium (SPY, 3 days, 175 The decline of pH values, in the medium for DAS and T-2 toxin biosynthesis, from the initial 6.20 to the values ranging from 4.12 to 4.76 at the end of incubation (Table 2) Extracellular enzymes of M. racemosus f. racemosus 1215/09 present in filtrates I, II and III did not essentially affect the changes in the pH value, nor the yield of the same fusariotoxints in tested producers of DAS and T-2 toxin after 3-day incubation in SPY. Similar results, i.e. absence of capacities of cell free supernatants of microbial cultures to transform one type B trichothecene (deoxynivalenol) were published by V ö l k i et al. (2004 
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